This study was conducted to evaluate the effect of nine diets through the application of 3×3 randomized design which included three levels of energy (2600, 2800 and 3000 Kcal/kg) with 3 supplemental protein levels (14, 16 and 18%) on growth performance, blood parameters, carcass yields and economic efficiency of Baladi pigeon squabs from 28 days old until 6 months of age (age of sexual maturity). A total of 135 pairs of squabs were randomly and independently allocated to the nine dietary treatments, each containing 15 pairs (3 replicate of 5 pairs). The diets were formulated in mash form fortified with vitamin and mineral premix. Moreover, feed and water were provided for ad-libitum consumption. The results showed that, squabs fed higher energy and crude protein diets (3000 ME+16% CP) had higher live body weight with a coincident significant decrease of the feed intake (P<0.0001). In addition, dressing (%), breast and thigh meat yield (%) increased significantly with increasing levels of both energy and protein, where they hit the peak values in squabs fed on 3000 ME+16% CP diet. Furthermore, increasing energy levels did not affect serum proteins (albumin and globulin), urea and uric acid. However, it had a significant positive effect on serum lipids (cholesterol, triglyceride, high density lipoprotein and low density lipoprotein). In terms of economic analysis, 3000 ME+16% CP diet revealed the lowest cost per Kg live weight of birds 81.87 L.E per pair, along with the highest economic return 110.3 L.E per pair and net profit 10.43 L.E per pair. In conclusion, squabs can efficiently utilize diet containing high energy (3000 Kcal/kg) and crude protein (16%) diets, consequently, it can be used to optimize their growth performance and maintain the maximum economic return.
Introduction
Domestic pigeons (Columba livia) are multi-purpose birds, as they can be used for meat production (because of their powerful breast muscles and high growth rate), sports (racing) and as experimental animals [1] . However, in Egypt, especially in the rural areas, pigeons are kept mainly for meat production which plays an important role in the profitability of both small-scale and commercial farms. Compared with the other poultry, pigeons are deemed economic meat producers because of the lower costs of their feed, caring, housing and capital investment. Moreover, it has a relatively long productive life and short reproductive cycle besides its high immunity against diseases. Meat of the baby pigeon (squabs at the age of 28-30 days) has a high nutritive value as it is rich in protein, minerals and vitamins. In addition, it is very delicate, lean (low cholesterol), easily digested and considered as fancy meat because of its taste and delicacy [2, 3] . Until now, there is insufficient information about nutrient requirements or growth curves of pigeons, as the National Research Council (NRC) has not provided any standards or guidelines [4, 5] .
Squabs are fed by their parents (both male and female) with "crop milk" in the first 5-7 days of life; therefore, the feeding system of pigeons differs markedly from of different poultry species [6] . Pigeon's diet consists mainly of whole grain which could supply enough protein, carbohydrates and fat, however it is scanty of necessary vitamins, macro and micro nutrients. Metabolizable energy (ME) and crude protein (CP) are the costliest components of the pigeon's diet as they constituted about 85% of the gross feed costs. Moreover, they are significantly implemented in their growing and laying performance. Therefore, their levels in the diets should be optimized cautiously during ration formulation, in order to get the least cost with maximum production as well [7] . Some 21 studies were conducted to evaluate the impact of different dietary CP 12 to 18 % and ME content (2600, 2800 and 3000 Kcal ME/kg) separately on the productivity of pigeons [1, 8] . Whereas, the present study aimed to evaluate the diets formulated by combing three levels of CP (14, 16 and 18%) and three levels of ME (2600, 2800 and 3000 Kcal/kg diet) on the growth performance, carcass traits serum parameters and economic efficiency of Baladi growing squabs during 1 st six month and before laying under Egyptian conditions.
Material and Methods
This study was conducted at especially constructed farm, Elkenayat, Zagazig, Sharkia Governorate, Egypt. All the experimental methods were done according to the Committee of Community Service and Environment Development, Zagazig University, Egypt. Squabs were cared for using husbandry guidelines and standard operating procedures derived from Department of Avian and Rabbit Medicine, Faculty of Veterinary Medicine, Zagazig University, Zagazig, Egypt. During the period from 1 st February until the end of June 2017 with a view to study the efficiency of feeding different metabolic energy and protein levels in diets on productive, physiological and economic performance of growing squabs.
Birds, design, housing and experimental diets
A total number of 135 pairs of Baladi pigeon squabs (aged 28-30 days), obtained from three small scale pigeon hatcheries were allocated to nine dietary treatments, each containing 3 replicates with 5 pairs per each. A 3×3 factorial experiment using 3 dietary ME levels (2600, 2800 and 3000 Kcal /kg) and 3 supplemental CP levels (14, 16 and 18 %) was conducted to study the effects of dietary energy levels and CP levels. Squabs in all treatments were fed adlibitum. The squabs were housed in an environmentally controlled home with each pair was kept in individual pigeon breeding cage (width 100 x length 70 x height 40 cm), prepared to keep pigeon pair separately. The fronts of the cage batteries were modified to suspend feed and water. All squabs were treated with piprazin drugs during the quarantine period to ensure eliminating of any parasites that can affect the performance. The lighting schedule program used through the experimental period was natural daylight and artificial light (60-watt electric bulb intensity), provide 14 light vs 10 dark and the mean daily temperature was 25±4 Cº [9] . Diets were formulated as mash form consists of 3 protein levels (14-16 and 18%) and 3 energy levels were used (2600, 2800, and 3000 ME Kcal /kg of diet). The components of the diets were showed in Table (1) .
Experimental parameters

Growth performance measurements
Through the experiment, the following measurements were recorded: initial weight at 28 day of age, average final weight at 180 day of age, daily feed intake per pair, total feed intake per pair (during 5 months).
Carcass traits measurements
At 6 months of age, 6 birds (two birds per replicate) group were taken randomly for carcass analysis. The squabs were weighed, sacrificed and left to bleed for 3 minutes and then scalded at 60ºC for 1 minute. After that they were de-feathered and manually eviscerated to study carcass characteristics. Each carcass was weighed to record the dressing carcass weights and all values were calculated as percentages of live body weights.
Blood Parameters
On a random basis, blood samples were collected from 6 squabs per group (2 birds per replicate) at slaughtering. Triglycerides (TG), total cholesterol (TC), high density lipoprotein (HDL), low density lipoprotein (LDL), total plasma proteins (TP), albumin (ALB), globulin (GLB), urea and uric acid (UA) were determined calorimetrically by using the commercial kits (ELITech SEEPPIM S.A.S. Zone industrielle -61500 France).
Economic analysis
At the end of experiment, the following indices were calculated per pair: feed cost (FC), total costs (TC), total return (NR), net profit (NP) and economic efficiency (EE).
Statistical Analysis
Data were analyzed as a 3×3 factorial arrangement in a randomized complete block design to find the main effects of 3 levels of CP and 3 levels of ME and their corresponding interaction effects using the GLM procedure and means were separated using Bonferroni's adjusted multiple comparison. Analysis was done using Statistical Package for Social Sciences version 22.0 (IBM Corp., Armonk, NY, USA) and Graphpad PRISM 7.0 (San Diego, CA) software. Results were reported in means ± SEM (Standard Error of Mean). The value of P < 0.05 was used to indicate statistical significance. Cage (pair) served as assessment unit for all measurements for the statistical analysis of live performance. Differences were considered significant at P < 0.05. The effect of replicate and hatchery location was incorporated in the initial model to determine if significant differences exist.
Results
Growth performance
The effects of different levels of dietary ME and CP on both BW and FI were showed in Table 2 . From 2 to 5 months of the experiment, BW and FI of squabs were significantly improved by increasing dietary levels of both ME and CP with significant (P < 0.0001) ME ×CP interaction effect. In particular, when 3000 Kcal/Kg ME + 16% CP diets were fed to the squabs, higher BW was observed with a coincident decrease in FI. However, further increasing of CP level in 3000 Kcal/Kg ME diets did not lead to a significant change in growth parameters. The mortality rate was low 13.3% with no signs of either bacterial or viral infection, however higher losses were reported in squabs fed 18% CP diets. ( 5 g) ,vit.B6 (1.5 g) , pantothenic acid( 10 g) ,vit. B12 (10 mg ),niacin( 30 g) ,folic acid (1000 mg ), biotin(50 g) , fe (30 g) ,Mn (60 g) ,Cu (4 g), I (300 mg), Co( 100 mg) , Se (100 mg) and Zn( 50 g) , 4 EE: et h er e x t ract ; 5 C F: cr ud e fib er ; 6 Ca : c alc i u m. 
Carcass traits and relative organ weights
The effects of different levels of dietary ME and CP on carcass traits and relative organ weights were showed in Table 3 . Highest dressing %, breast and thigh meat % were obtained from squabs fed on 3000 Kcal/Kg ME + 16% CP diets. On the other hand, there were no ME, CP and ME × CP interaction effects on the relative weights of the other body organs (Liver %, Heart %, Gizzard% and Small intestine %).
Biochemical analysis
The effects of different levels of dietary ME and CP on blood parameters of squabs at 6 th month of age were presented in Table  4 . High protein diets resulted in higher serum proteins (TP, ALB and GLB) along with significant increase in the concentrations of urea and uric acid regardless of the dietary ME content. In contrast, higher TC, TG, HDL and LDL were observed in serum samples obtained from squabs fed on high ME diets.
Economic analysis
The effects of different levels of dietary CP and ME on the economic indices were showed in Table 5 . Feed cost and total cost decreased with increasing of dietary energy and protein levels. The higher values of TC were recorded in squabs fed 3000 Kcal ME +16% CP diet. Furthermore, TR, NP and EE the highest values for squabs fed diets containing 3000 Kcal ME +16% CP combinations compared with other groups. 
Discussion
Considering our main interest was to establish a bio-economic optimum for feed formulation that meet the nutritional requirements of pigeons and maintain maximum performance with least cost as well.
Growth Performance
Body weights in different ages were a significantly improved, squabs fed the highest ME and CP level (16-18% with 3000 Kcal ME/kg) of diet recorded significantly highest body weight and average daily gain contrast with other treatments. These results are in the line with others who pointed out that 15.5% protein and 16% CP had a significant positive influence on average BW in growing squabs from 28 days to 6 th month of age [5, 10] . While, these results disagreed with AbdelAzeem [11] , who recommended that the best protein level of Baladi pigeons diets was 14% CP with 3100 ME kcal/kg that produced the better performance (fertility, livability, squab production, the return of squabs and body measurements of squabs). Also, the body weight and weight gain were not significantly affected when dietary metabolic levels increased up to 3200 ME Kcal/kg of pigeon diet [8] .
In terms of the FI, increasing energy and CP level results in decreased feed intake. This indicated that birds fed more feed on the lowenergy diet to fulfill their energy requirements and normal growth when compared with those of high-energy diet. This result is in accordance with previous studies that reported the FI decreased significantly as ME increased from 2,650 to 3,150 Kcal/kg [8, 12, 13] . Abdel-Azeem [11] , showed that increase the level of protein diet (14, 17 and 20%) of pigeons caused a decreased in the amount of feed consumed at different periods. However, the daily feed intake of pigeon increased when the protein in diet increased from 12 to 20% [6] .
Carcass traits
The current results revealed significant increase in dressing, breast and thigh muscles percentage with increase energy and protein level. While, there was no significant difference in liver, heart, gizzard percentage among the treated groups. These are in agreement with those who reported that the muscle (breast and drumstick) yields were significantly higher in broiler fed high protein diet when compared with those of medium and low protein diets [20] . Aggoor et al. [21] found that increasing ME content of the control diet of quail with adding fat, produced carcasses of higher dressing percentage, whilst had no effect on gizzard, liver, giblets, heart and testis percentage. On the contrary, the carcass weight and yield of breast muscle remained unaffected by changes in dietary energy or lysine content in quail's diet [22] .
Biochemical analysis
The knowledge of hematological parameters is deficient and there are only few reports on the parameters of blood analysis in pigeons. The current results indicated that the plasma protein and lipids fractions were affected by the nutritional status of birds. In our study, increased both dietary energy and protein level, elevated the plasma protein and lipid parameters. The previous findings are in agreement with those found by others, who reported that energy and protein levels in diet influenced the chicken plasma metabolites [14, 15] . These results were in line with those of other researchers who recorded that the plasma total protein, globulin, urea, uric acid cholesterol and triglyceride [8, 16, 17] . High density lipoprotein and LDL were increased by increasing the dietary CP (14, 17 and 20%) and metabolic energy level (2600, 2800, 3000 and 3200 ME Kcal). While, these results disagree with Abdel-Azeem et al. [18] and Abou-Zeid et al. [19] who found that the total plasma protein, albumin and total cholesterol levels were not significantly affected by feeding Japanese quail on diet containing 20, 22 and 24% CP.
Economic analysis
The cost of feeding represents the largest item in the variable costs. Cost of feeding and total costs were significantly higher in groups fed on 2600 ME Kcal/kg with different levels of protein, while the lower were in group fed on 3000 ME Kcal/kg with 16% protein. Fixed costs are cost depreciation, labor, electricity, equipment and building. The fixed costs represented a minor proportion of the total costs while the total variable costs represented the major portion of the total costs. The revenues of pigeon squab's pair included sales of squabs as layers. Net profit and economic efficiency were significantly higher in group fed on 3000 ME Kcal/kg with 16% protein followed by group fed on 3000 ME Kcal/kg with 14% protein. These findings are strongly confirmed the findings of Khashaba et al. [10] , who detected that the highest economic efficiency was in group fed on dietary protein level 16% CP with 2900 ME Kcal/kg. Quails diet contained high energy (3100 Kcal/Kg) was enhanced the production efficiency with least cost [22] .
Conclusion
The metabolizable energy and crude protein content of pigeon's diets play important roles on performance of pigeon. Feeding high crude protein (16%) and metabolizable energy (3000 ME Kcal/kg) diets improved pigeon squab's body weight, carcass characteristics, serum biochemical analysis and economic efficiency. It is recommended to formulate the pigeon diet containing high energy (3000 Kcal/Kg) with 16% crude protein to maximize the production with least cost.
